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Enclosed is a bibliography of 556 published articles,
technical reports, theses, dissertations, and books that form the
basis for a conceptual model of salt marsh management on Merritt
Island, Florida (Section 1). A copy of each item is available on
file at the Florida Cooperative Fish and Wildlife Research Unit,
Gainesville. Some relevant proprietary items and unpublished
drafts have not been included pending permission of the authors.
We will continue to add pertinent references to our bibliography
and files. Currently, some topics are represented by very few
items. As our synthesis develops, we will be able to indicate a
subset of papers most pertinent to an understanding of the
ecology and management of Merritt Island salt marshes.
A guide to the bibliography is enclosed that is based on a
limited number of categories (Sections 2 and 3). The categories
used to organize the bibliography are indicated in Section 2a.
Please note there is no category number 19. Because most of the
papers fall into more than one category, we have included a list
of category assignments for each reference (Section 2b). Section
2 serves as a map to the lists of references assigned to each
category in Section 3.
The guide was developed primarily as an internal aid to
reviewing each paper and recovering it for later use. Because
our guide is automated, we can, on request, generate lists of
references in combined categories (either the union or
intersection of two or more categories). Periodically we will
make alterations to our classification scheme to make it more
useful for our purposes. It is not a computerized library sp-arch
facility of general utility. It perhaps represents a kernel for
possible future development of such a search facility.
We have developed some initial impressions concerning the
ecology and management of Merritt Island salt marshes based on
our review of the literature in the bibliography, our discussions
with many individuals, and our own observations to date 119
October 1984). Specific and general impressions are recorded
on the following pages for the purpose of stimulating
documentation of these or different points by anyone wishing to
contribute to our bibliography and conceptual model of salt marsh
management on Merritt Island.
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Impressions Specific to Merritt Island, Florida:
S1. Impoundment variability: Impoundments on I1erritt Island
vary considerably in quality of fish and wildlife habitat. At
least four major types of impoundment vegetation communities are
discernable on photos of Merritt Island: mangrove, saltmarsh,
cattails, and open water with or without submerged vegetation.
This observation is based on discussion with the staff of
Bionetics Corporation at Kennedy Space Center. Planimetry of the
area of each of these types will aid management of impoundments.
The considerable variability among impoundments decreases
the utility to whole island management of the results from
studies of single impoundments, or from studies of several very
similar impoundments. Findings may not apply generally. The
mosaic of impoundment types suggests a mosaic of possible uses
and management schemes (gee also general impression G3 below).
82. S igni ficant environmental di fferences: Tides, seasons, and
sediments of the Merritt Island region are considerably different
than those of the areas of all the major studies of salt marsh
ecology. Estuarine water is high enough to cover marsh for
extended periods of several months in fall and winter, and
marshes traditionally were rarely flooded by estuarine water in
spring and summer. Winters are relatively mild, though not
tropical. Sediments derived from piedmont river drainage are not
supplied in great quantity to the area.
The sites of most of the basic research in salt marsh
ecology traditionally include Georgia and Massachusetts, with
more recent and extensive efforts in South Carolina and
Louisiana. Pertinent studies have also occurred in New Jersey,
Delaware, Virginia, North Carolina, and California, with smaller
contributions from the other coastal states. Most of the major
marsh work in Florida has been in the panhandle or in South
Florida manqroves.
Hence, -much of the work on which the values of saltmarsh are
based have occurred in areas with daily or twice-daily tides of
large amplitude, more distinctive seasonal changes in
temperature, or areas with rich supplies of iron and phosphate
rich clay sediments derived from piedmont soils and delivered
continuously to the coast via rivers. These factors may affect
notions such as the relative importance of the marsh interior to
coastal fisheries, the notion that nitrogen is the major limiting
nutrient in coastal zones, and that larval and juvenile fishes do
not grow well in fall and winter. Consideration of differences
in salt marsh function or value that may be caused by these
environmental differences is essential to successful management
of Merritt Island salt marsh.
S3. Fish and wildlife: The hydrological changes caused by
mosquito impoundments have created summer habitat for some
estuarine fish and year-round habitat for other fish and wildlife
that were not present before impoundment. In many cases these
new habitats are similar to natural marshes and ponds found
elsewhere in Florida that are considered good fish and wildlife
habitats. Some relatively permanent freshwater habitat has been
v
created, for example, that supports sport fishes such as
largemouth bass, black crappie and bluegill.
Habitat for estuarine fishes that historically utilized the
marshes durino the autumnal rise in estuarine water may not be
able to access much of the impounded marshland, however. Ingress
and egress of estuarine fishes is a major problem for estuarine
fishery management, especially when estuarine water levels fall
again in late autumn or winter. Semi-tropical species such as
tarpon, shrimp, and snook must be able to get out to avoid death
from cold winter temperatures.
It may be very expensive to manage such impoundments for
both estuarine fish and waterfowl. Reconstruction of dikes,
installation of weirs, culverts and pumps may allow intensive
management of both, but at considerable cost and perhaps with
only partial success. Utilization of Louisiana coastal marsh
impoundments even with culverts or weirs for access to the
estuary is apparently lower than utilization of natural marshes,
indicating some avoidance of these structures by commercially
important fishery species. If culverts or weirs are the only
access, however, fishery species may utilize the marshes despite
the apparent avoidance in the Louisiana studies.
84. Ecological succession: Cattails appear to have been
continually invading many of the impounded areas, perhaps
especially those that were formerly salt marsh without dense
mangroves and are not now intensively managed for waterfowl.
Since the construction of dikes 25 to 30 years ago, vegetation in
some impoundments has perhaps changed little, still consisting of
salt marsh grasses or mangroves. Some impoundment vegetation has
changed considerably, but few plant communities seem to have
reached a steady-state condition. Perhaps the eventual steady
state of these marshes, if one can occur, will include
considerable quantities of cattail.
85. Mosquito control: The total impounded acreage that is open
water seems small. Most of the impounded areas seem to be
composed predominantly of emergent vegetation. Even with
emergent vegetation, impoundments probably still control the
majority of the historical mosquito problem caused by salt marsh
mosquitoes because these cannot complete their life cycle in
standing water. Such impoundments, however, are perhaps not
especially suitable for waterfowl or commercially important fish
and can breed standing water types of mosquitoes. These types
are not as serious a pest as salt marsh mosquitoes, though
perceived public health concerns remain of disease transmission
by these mosquitoes. Thus, these areas are sprayed with
insecticides.
56. Effects of Merritt Island impoundments on estuarine water
quality: Comparison of water quality within impoundments to that
in the adjacent waters of Indian River, Banana River and Mosquito
Lagoon will be very helpful in indicating the relationship of
impoundments to the estuary when combined with records of water
entrapment by the impoundments and subsequent release to the
estuary. Estuarine water quality data is being collected by
vi
Bionetics Corporation and by Brevard County. Although some water
quality data in impoundments exist, a definitive study is needed.
Even simple oxygen meter readings at dawn and dusk in a variety
of impoundments would be very informative. Nitrogen, phosphorus,
chlorophyll, salinity and contaminant measures would also
contribute greatly to a relevant understanding of impoundments.
57. Stored contaminants: DDT and other pesticides used
historically for mosquito control or orange grove management may
have accumulated with sediments behind dikes. Other contaminants
may have accumulated also. Dikes slow water and allow settlement
of fine particles that might otherwise remain suspended.
Impoundments hold water that might otherwise flow through to the
estuary. Knowledge of trapped contaminants is needed in
considering all management alternatives for Merritt Island salt
marsh, but to the best of our knowledge, no such data exist.
S8. Possible effects of growth along Indian River and a possible
cause: Mosquito control by impoundment and other means has been
very effective. It was needed to allow the existence of NASA's
operations in the area. NASA brought with it immense opportunity
and subsequent development. Fewer mosquitoes also meant more
attractive tourism and associated sports fishing and further
development. Development presumably produced a greater market
for local seafood. Also accompanying this development was
industry, housing, and traffic. For the local estuary this meant
sewage effluent, street drainage, and heavy commercial and sport
fishino. Thus, if there has been a documented decline of
estuarine water quality and fisheries, this may be attributable
to the accomplishment of desired mosquito control, but not
necessarily to the method of control by impoundments.
General Impressions:
G1. Edge--effect, habitat and the outwelling of nutrients from
saltmarshes: In marshes with twice daily or daily tides, the
interior areas of marsh are often relatively low in production
and standing stocks of plant biomass. It is unclear how much of
this interior production of plants is exported as detritus to the
estuarine water in tidal creeks and rivers. Aerobic and
anaerobic decomposition of this detritus is very great; hence,
most detritus may decompose in place. Resident interior marsh
animals such as fiddler crabs, marsh snails, and ribbed mussels
undoubtedly benefit from this decomposing detritus, but these
interior marsh residents usually include no commercially
important species. Juvenile fishes may rarely have time to
venture into the interior to utilize any food or cover it may
afford. The water that reaches the interio~ will have lost most
of its particulates and probably its available nutrients. The
growth of interior marsh plants is often nutrient limited,
especially by nitrogen. Some trapping of larval or juvenile
fishes in the interior of the marsh is conceivable. Pools in the
interior of the marsh that stay wet and do not overheat can allow
survival of some of these fishes; but such pools are ideal
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feeding sites for wading birds. In semi-diurnally or diurnally
flooded salt marshes, the best habitat for young ~ishes, and tbe
sites where detritus, other nutrients and particles can enter or
exchange with estuarine water appear to be at the marsh edges
adjacent to tidal creeks, where tidal energy is primarily
dissipated. These areas may also be natural habitat for dabbling
ducks that consume mollusks and crustacea on the stalks of plants
and mudflats while swimming along the marsh edge. Thus ditching
up to a point may actually improve the habitat value of a
saltmarsh. Extra funds need not be used to make such ditches
especially straight. Appropriate ditch densities await
determination and are likely to be site specific.
When the flooding cycle of saltmarshes is seasonal, with
periods of flooding lasting for months, access to the interior of
the marsh by larval and juvenile commercially important fishes
and shellfishes is possible. The detritus and cover of these
areas is utilizable, and pe~haps very important. Life cycles of
local fishes may be attuned to best utilize these resources
despite the season of their occurrence. Such conditions
historically occurred in the Merritt Island area.
G2. Water quality improvement for the maintenance of estuarine
diversity of fisheries: By maintaining a balance between salt
marsh plants, seagrasses, and phytoplankton, diversity of the
fishery is probably best maintained. Nearly all fish larvae feed
on zooplankton, which feed on phytoplankton; but as they mature,
seagrasses and salt marsh habitats become essential for survival.
Diversity of habitats should yield a more diverse and productive
fishery. Too many plant nutrients in the water column may
stimulate growth of phytoplankton to the point that seagrasses do
not receive enough light to survive.
Ecosystems as well as crops have a capacity to absorb plant
nutrients. By using semi-terrestrial or terrestrial ecosystems
for tertiary treatment of sewage effluent, excessive
phytoplankton growth can perhaps be prevented, such that
seagrasses can persist. If marshes are good pre-filters of
sewage effluent and estuaries contain the important fishery
species, it would seem better to utilize the filtering capacity
of the marsh by direct application of sewage in order to help
preserve the estuarine water rather than dumping directly into
the estuarine water and expecting the natural flood and ebb of
the tide over the marshes to cleanse the water in a time scale
appropriate to the preservation of the fishery. Some
impoundments may be especially useful for receiving effluent.
G3. Energy conservative use and restoration of salt marsh:
With sufficient additions of energy, humans can perhaps improve
any given single ability of a natural or impounded marsh. The
marsh is valuable because it simultaneously does a variety of
things for free, such as provide habitat and food for fish and
wildlife, capture sediments, absorb contaminants, and buffer
coastlines against storms. Values of marshland can be retained
or restored without exact duplication of the species of the
natural or pre-impoundment marsh. Merritt Island mosquito
impoundments no doubt retain some of the values of natural marsh.
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Complete filling of these sites would be an alternative that
would clearly not retain marsh values. Impoundments can be
utilized, managed, and preserved for their existing values.
G4. Feasibility ot multiple purpose management in coastal
impoundments: The primary purpose of impoundment on Merritt
Island is mosquito centrol. Nevertheless, a variety benefits may
be realized within this constraint. The impounded marsh may also
be suitable habitat for waterfowl and sport fishes, and may have
potential for aquaculture or sewage disposal. When in addition,
a number of different varieties of impoundments are available, as
on Merritt Island, the feasibility of multi--objective management
is greatly enhanced.
G5. Wildlife management in coastal impoundments: The use of
coastal wetland impoundments for wildlife management is most
extensive in the Carolinas and Louisiana. The primary objective
has been to attract wintering waterfowl. Additional attention
has been given to management for muskrats, nutria, crayfish,
wading birds, and other wildlife.
The primary method for enhancing habitats for waterfowl and
other species is to use impoundment and water control structures
to influence water level and salinity and thereby alter the
vegetation within the impoundment until a desired plant community
develops. Production of suitable food plants is the principle
concern. Manipulations of water level and salinity are continued
as needed to maintain the desired plants.
Tidal fluctuation and salinity of available water determine
the flexibility a manager has to influence the vegetation.
Various water centrol structures have been employed. In
Louisiana, weirs have been used extensivelY. They are relatively
inexpensive to install, but the extent of water level control is'
limited. Dikes with culverts, or wooden trunks with flap gates
or flashboard risers are most effective in areas with adequate
frequency and amplitude of tidal fluctuations. Without adequate
tides, pumping is necessary to maintain appropriate water levels.
Burning, chopping, discing, mowing, and planting are additional
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LaSalle and Knight 1974
Leenhouts 1983
Leenhouts and Baker 1982
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L~ss~r ~t al, 1976
Linley and Davies 1971
Marshall 1'176
McKenzie et al, 1980
Merriam and Axt~ll 1983
Mullaand Darwazeh 1979
Mulla ~t ~l. 1979
Multer 1984
Nayar and Sauerman 1974










Resh and Balling 1983
Rockel 1969
Rogers 1962
Sandifer ~t al, 1980
Sharma and Al-Daham 1979
Shisler and Jobbins 1975
Shisler and Jobbins 1977a
Shisler ~t al, 1975
Shisler et al, 1978
Shisler ~t al, 1979
Slavin 1974
Slavin et al, 1975
Springer 1964
Travis et al, 1954
Vorgetts et al, 1980
Whigham et al, 1982
Widjeskog 1974
CATEGORY 22: RICE FARMING'
Gresham and Hook 1982
McKenzie et al, 1980
Miglarese and Sandifer 1982
CATEGORY 23: AQUACULTURE
Anderson 1976
















Manz~ et ala 1977
McKenzie et ala 1980
Neely 1962
Perry et ala 1970
Rose et ala 1975
Williams 1958
CATEGORY 24: WASTEWATER TREATMENT AND DREDGE SPOIL DISPOSAL
Banus et ala 1975
Bender and Correll 1974
Blum 1969
Boto and Wellington 1983




Daly and Mathieson 1981
Dolan et ala 1981
Ezell and Vorgetts 1980
Federico et ala 1982
Gosselink et ala 1974
Haines 19'7'1a
Herke 1968
Khalid et ala 1982.
Krottje et ala 1982
Nessel et ala 1972
Onuf et ala 1977
Patrick and DeLaune 1976
Sheffield et ala 1982
Simpson et ala 1978
Simpson et ala 1983b
Sullivan and Daiber 1974
Tilton and Kadlec 1979
Trent et ala 1976
Turner et ala 1976
·Valiela et ala 1975
Valiela et ala 1976b
Van Raalte et ala 1974'
Wellings 1976
Whigham and Simpson 1976a
Whigham and Simpson 1976b
Woodwell 1977
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Chabreck and Hoffpauer 1962
Ezell and Vorgetts 1980
Ferrigno and Jobbins 1968
Ferrigno et ala 1967
Ferrigno et ala 1969
Ferrigno et a~. 1975
Fredrickson and Taylor 1982





Lynch and Langford 1971
Martin et ala 1957
McKenzie et ala 1980
McNease and Glasgow 1970
Miglarese and Sandifer 1982
Morgan 1974
Morgan ei:; ala 1975
Nichols 1974-




Sheffield et 'ala 1982
Shisler et ala 1978
Shisler et ala 1979
l4eller 1978
I4h,i.tman 1973
l4icker et ala 1983
l4ilson 1955
CATEGORY 26: WILDLIFE (OTHER THAN WATERFOWL>
Bourn and Cottam 1950
Bradbury 1938
Bradley and Cook 1951
Cartwright 1942
ChabrecJ~ 1975





DeLotelle et .1. 1982




Harris and Marshall 1963
Herke 1968




Leenhouts and Baker 1982
Linde 1':t69
Lynch et ala 1947









Wicker et ala 1983
Wilson 1968





Cross and Williams 1981
Cruz 1980
Daiber 1974
French and Montgomery 1983
Fruge 1982
Funicelli and Rogers 1981
Gilmore 1'?83
Gilmore et ale 1981a
Gilmore et ale 1983
Gosselink et ale 1974
Harrington and Harrington 1982




Herke and Rogers 1983
Hoskin 1983
Kulczycki et ale 1981
Lindall 1973
Lindall and Saloman 1977
Livings~on 1984
Mahoney and Gibson 1983
McKenzie et ale 1980
Neely 1962




Ryther and Dunstan 1971
Schooley 1980
Short 1983
Skud and Wilson 1960
Stone e~ al. 1978
Stoner 1982
Stoner 1983
Stoner and Livingston '1984
Stora and Arnoux 1983
Stout et ala 1980




Virns"tein et al. 1983




CATEGORY 28: NATURAL MARSHES AND ESTUARIES
Davis et ala 1980
Day e"t ala 1'?73
Gosselink and Turner 1978
Johnson 1980
Nixon and Ovia"tt 1973
Odum and Heald 1975
Odum et ala 1983
Pomeroy and Wiegert 1981
Sandifer et ala 1980
Simpson et ala 1983a
Slo~y et ala 1978
Stone et ala 1978
Teal 1962
Valiela and Teal 1979a
Wells 1,928
Wolanski et ala 1980
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